The article describes in detail and applies the methodological approach to the conditions of the czech markets; such an approach may be used in quantifying changes in the volume of consumer demand for food if the VAT rate or the physical persons' income tax rate are changed. To define the percentage change in the consumer demand for food caused by changes in the VAT rate or in the physical persons' income tax rate, the differential-logarithmic model of the Marshallian demand function was applied: dQ/Q × 100 = ε × [ln(1 + ν 1 ) -ln(1 + ν 0 )] × 100 + η × [ln(1 -μ 1 ) -ln(1 -μ 1 )] × 100. The general form of the dynamic demand model was adjusted to the conditions of the czech final food market through the respective coefficients of the price elasticity (ε) and the income elasticity (η) as follows: dQ/Q × 100 = -0.514 × [ln(1 + ν 1 ) -ln(1 + ν 0 )] × 100 + 0.583 × [ln(1 -μ 1 ) -ln(1 -μ 1 )] × 100. on the basis of the derived differential model, it may be stated that an increase in the VAT rate by 1 percentage point from the original rate (10%) would cause a decrease in the demand for food of an average czech household by 0.4652%. in the case of an increase in the physical person's income tax by 1 percentage point from the original rate (15%), the demand for food of an average czech household would decrease by 0.6899%. The achieved results show that the demand of czech households for food responds more sensitively to changes in the income tax. Quantification of the relative change in the consumer demand for food caused by the tax rate changes, especially the VAT tax rate change, is also useful for making estimates of the relative changes in demand functions within the respective agriculture and food-processing industry verticals. The performed analysis shows that the changes in the volume of consumer demand for food will be transferred in the same percentage rate to the demand functions within the respective agriculture and food-processing industry verticals, provided the technical and technological conditions are stabile.
IntroductIon and objectIve
Foods have an outstanding position in the household consumption basket, which is confirmed by their significantly higher share in the total expenses when compared to other articles. The World Bank database (2005) states that in countries with a high 1 level of the household income, the expenses spent for foods, beverages and tobacco products represent 20% of the total expenses. in countries with a medium 2 level of the household income, the share of expenses for foods, beverages and tobacco products is more than 30%, and in countries with a low 3 level of the household income, the share is almost 50%. Table 1 describes in detail the situation in the entire consumption basket of households in the above-mentioned categories.
The structure of the household consumption basket, i.e. the extent of purchasing or consumption of the respective articles thereof is the result of the functioning of the demand function system, see Deaton (1986) . The consumer demand for food as well as the demand for other consumption basket articles is affected by many factors (Koutsoyiannis 1979) . it applies in general that the consumer demand volume and structure are formed most significantly by economic factors. in the second place, demographic factors influence the consumer demand volume and structure, and there are moreover social and other factors (nicholson 1992 (nicholson or Tvrdoň 1999 . Within the set of economic factors, the consumer demand for food is most significantly formed by their market price and the amount of income of the consumer entities. in addition to the said two most principal economic factors, demand relations in the sphere of foods are also very strongly influenced by prices of complementary and substitution goods; nicholson (1992), respectively cramer and Jensen (1994) . With regard to the indicated determining core of such demand relations, there is a naturally offered option to continue analysing the consumer demand for food in various tax system setups. When analysing the influence of the tax environment on the level of the consumer demand for food, it is therefore necessary to pay attention especially to the taxes that increase the food selling price and to the taxes that reduce incomes of the consumer entities -households.
The importance of analyses of the economic structure and dynamics of consumer demand for foods is also emphasised by the new economic model of operation of the agriculture and food-processing sector. in this concept, the behaviour of producers of agricultural materials and their processors is governed in particular by the extent, the structure and development of demand in the individual markets of the respective product verticals, taking into account that the demand of consumers of the final food products has the primary effect, see Mundlak et al. (1997) , respectively Bečvářová (2008) .
The aim of this article is to analyse in detail and to verify the methodological approach suitable for the quantification of the impact of various taxation levels on the level of consumer demand for foods. in this context, the article deals with the VAT rate and the physical persons' income tax rate and quantifies their impact on the demand of czech households for food. For the purpose of the said demand analysis, a logarithmic-differential model is suggested allowing the estimation of the percentage change in the consumer demand for food of czech households when the rate of both the monitored taxes is changed.
MetHodoLoGY
With regard to the defined objective, it is at first necessary to define a proper differential equation, with the help of which the impact of a change in the VAT and/or the physical persons' income tax on the volume of consumer demand for food can be quantified. in the respective direction, we will base our calculations on the simplified form of the Marshallian 4 demand function so that the level of consumer demand for food (Q) will just result from the food market price (P) and the amount of income of the consumer entity (M), this means:
Furthermore, we will take as a given that the VAT will increase the food price by its rate v to the PT level in the following manner:
and the physical persons' income tax at the rate of μ will decrease the income of households to MT as follows:
in accordance with the tax system effects, see (2.1) and (2.2), we may redefine the Marshallian function of consumer demand for food (1) into the following form (3): it is advisable to implement the differential and logarithmic form of the Marshallian demand model to analyse the change in the level of consumer demand for food in relation to changes in taxation (2.1) and (2.2):
The differential equation of consumer demand (4) defines the relative change in the household consumer demand for food (dQ/Q) invoked by a relative change in market prices plus the VAT (dPT/PT) and a relative change in the income after tax (dMT/MT). The coefficient ε in the equation (4) represents the direct price elasticity of the household consumer demand for food and the coefficient η represents the income elasticity of the demand. referring to the above-mentioned facts, the differential equation (4) may also be written as (4*):
As the relations (2.1) and (2.2), showing the effects of both monitored taxes, can be also expressed in differential-logarithmic form:
we can rewrite the differential equation of consumer demand (4) into the following form (6):
on the basis of the derived differential equation (6), it is possible to easily quantify the impacts of various adjustments to the VAT rate (ν) and/or the physical persons' income tax rate (μ) on the level of the household consumer demand for food. (A) Ceteris paribus we may above all estimate on the basis of the equation (6) the rate of the percentage change in the household consumer demand for food if the VAT rate is changed. Let us assume that the VAT rate is changed from ν 0 to ν 1 . As the coefficient of the price elasticity of the consumer demand will almost certainly be negative for foods as a whole (ε < 0), we may expect a decrease in the respective demand when the VAT rate is increased (ν 0 < ν 1 ) and vice versa. Expressed in percents, the change in the household consumer demand for food caused by the VAT rate change will be equal to:
Ceteris paribus we may also quantify the impact of the change in the income tax paid by the consumer entities (μ) on the level of their demand for foods using the equation (8). Like in the previous case, we will consider the physical persons' income tax change from μ 0 to μ 1 as given. As the coefficient of income elasticity of demand for food as a whole will almost certainly show a positive value (η > 0), the increase in the physical persons' income tax (μ 0 < μ 1 ) will also cause a decrease in consumer demand, or vice versa. The level of the percentage change in the household consumer demand for food will be determined from the following relation:
(c) Using the differential equation (6), we can of course quantify the change in the level of consumer demand of czech households for food, which will be caused by changes in both the monitored taxes concurrently, i.e. a change in the VAT (from ν 0 to ν 1 ) and concurrently a change in the the physical persons' income tax (from μ 0 to μ 1 ). in such a case, the resulting percentage change in the consumer demand for food will be equal to the aggregate of equations (7.1) and (7.2):
reSuLtS, dIScuSSIon and concLuSIonS
To quantify the demand response of czech households in the sphere of food in the case of a VAT rate increase or in the case of the physical persons' income tax rate, the increase made by the differential equations (7.1), (7.2) or respectively (7.3), the corresponding coefficients of income (η) and the price elasticity of the demand (ε) are necessary. in the respective regard, the article is based on the values of coefficients of the demand elasticity, which result from the long-term researches of consumer markets performed by the USDA. The latest estimates of coefficients ε and η are available in the USDA for the year 2005, when the demand relation researches were performed in as many as 144 countries of the world. The czech republic has also been included among the monitored countries since 1996. The USDA makes estimates of the coefficients of income and price elasticity of the consumer demand using the "Florida" model developed by Seale et al. (1991) in 1991. The USDA methodology for the determination of demand
elasticity is completely described in the technical bulletin of the ErS USDA, TB 1904 (Seale et al. 2003) . Table 2 shows the values of income elasticity and the price elasticity of demand of czech households for foods, beverages and tobacco products taken from the USDA researches. At the level of the price elasticity, the demand functions were taken over, with regard to the considered Marshallian concept of the demand function, from the coefficient of the noncompensated (cournot) price elasticity of demand. For illustration, Table 2 shows the estimates of both demand elasticity coefficients in the year 1996, this means the year when these characteristics of the czech republic's consumer markets were published for the first time.
in accordance with the obtained coefficients of income elasticity and price elasticity of demand, see Table 2 , we can modify the differential equations of consumer demand for foods (7.1), (7.2) and (7.3) into the form (8.1), (8.2) and (8.3): on the basis of differential equations (8.1), (8.2) and (8.3), adjusted to the czech environment, we can start studying the impact of changes in the VAT rate and/or in the physical persons' income tax rate on the level of demand of czech households for food. For the VAT rate, we will consider the following methods of increase in this article: 1a) from 10% to 14% 1b) from 10% to 17.5% 1c) from 10% to 20%, which is based on the discussions concerning the amendment to the VAT Act applicable to foods. For the physical persons' income tax rate, we will work with the following in this article: 2a) with a theoretical increase from 15% to 20% 2b) with a theoretical decrease from 15% to 10%.
First, we will focus on the changes in the demand of czech households for food caused by the change in the VAT rate only; see the Methodology -Section (A). in this analysis, we will therefore assume that the physical persons' income tax rate has not been changed. The percentage changes in the monitored consumer demand estimated on the basis of the logarithmic-differential equation (8.1) in the case of the VAT rate increase by the methods 1a), 1b) and 1c) are summarised in Table 3 . Table 3 shows that the VAT rate increase by 4 percentage points would cause a decrease in the demand of the average czech household for foods, beverages and tobacco by 1.84%. increasing the VAT rate by 7.5% would cause a decrease in the respective consumer demand by 3.39%; this means more than one and a half percentage point when compared with the previous value. in the case of doubling the VAT, i.e. from 10% to 20%, the demand of the average czech household for foods, beverages and tobacco products would even decrease, by 4.47%.
The second part of this analysis deals with the quantitative evaluation of the impact of changes in the physical persons' income tax rate on the level of demand of czech households for foods, beverages and tobacco. in making such analysis, we will presume that the VAT rate does not change, see the Methodology, Section (B). Table 4 summarises the estimates of the relative changes in the monitored consumer demand obtained from the equation (8.2), if the physical persons' income tax is increased from 15% to 20%; 2a), or respectively decreased from 15% to 10%; 2b). it is obvious from Table 4 that the physical persons' income tax rate increase by 5 percentage points would cause a decrease in the demand of the average czech household for foods, beverages and tobacco by 3.53%. on the contrary, a decrease in the physical persons' Table 3 . changes in the demand of czech households for foods, beverages and tobacco in relation to the VAT rate changes VAT rate change (from ν 0 to ν 1 ) change in the consumer demand level (dQ/Q) × 100
From 10% to 14% -1.8359%
From 10% to 17.5% -3.3902%
From 10% to 20% -4.4724% income tax rate by 5 percentage points would cause an increase of such consumer demand by 3.33%. in the third part of the consumer behaviour analysis, we will see how the level of demand of czech households for foods, beverages and tobacco would change if the rates of both the monitored taxes were changed at the same time. To quantify the overall effect in the monitored consumer demand, we will use the differential equation (8.3), which represents the combination of equations (8.1) and (8.2). When applying (8.3), we will work with the same scenario as in the previous cases, see 1a), 1b), 1c) and 2a), 2b). The achieved results are summarised in the combination table (Table 5) .
The first column of results in the combination table (Table 5) demonstrates that the VAT rate increase by 10 percentage points with the concurrent increase in the physical persons' income tax rate by 5 percentage points would cause a decrease in the volume of demand of czech households for foods, beverages and tobacco by up to 8%. if the increase in the physical persons' income tax rate from 15% to 20% is accompanied by the VAT rate increase by 7.5 percentage points, then the level of the monitored consumer demand would decrease by about 7%. in the case of the VAT rate increase by 4 percentage points with the concurrent increase in the physical persons' income tax rate by 5 percentage points, the level of demand of czech households for foods, beverages and tobacco would drop by 5.37%. We can see in Tab. 5 that the decrease in the physical persons' income tax rate from 15% to 10% (second column of results) would outweigh the increase in the VAT rate from 10% to 14%, so that the level of demand of czech households for foods, beverages and tobacco would finally increase by almost 1.5%. on the other hand, the decrease in the physical persons' income tax rate from 15% to 10% would be insufficient to cover the VAT rate increase from 10% to 20%. in such a tax system setup, the level of demand of czech households for foods, beverages and tobacco would decrease by 1.14%. The provided combination table also includes a very interesting piece of information when the change in the level of consumer demand for foods, beverages and tobacco is more or less equal to zero (-0.0579%): the decrease in the income tax rate by 5 percentage points is almost exactly compensated for by the VAT rate increase from 10% to 17.5%.
Quantification of the relative change in the consumer demand for food caused by the tax rate changes, especially the VAT tax rate change, is also useful for making estimates of the relative changes in demand relations within the respective agriculture and foodprocessing industry verticals, i.e. in the demand of food dealers, food producers and last but not least, by producers of the original raw agricultural materials; helmberger and chavas (1996) . in this context, we can consider that the level of demand in the market of food final products (Q) determines the volume of demand for the factor necessary for production of the respective foods (X) in the method Q = 1/k × X, respectively:
where k represents the input-output coefficient, the value of which is more or less fixed for a certain period within a certain production technology. The sensitivity of the analysed production relation (9) is then equal to one:
which impies the following:: Table 5 . changes in the demand of czech households for foods, beverages and tobacco in relation to changes in the VAT rate and in the income tax rate VAT rate change (from ν 0 to ν 1 ) income tax rate change (from μ 0 to μ 1 ) from 15% to 20% from 15% to 10%
From 10% to 14% (dQ/Q) × 100 = -5.3703% (dQ/Q) × 100 = +1.4964%
From 10% to 17.5% (dQ/Q) × 100 = -6.9247% (dQ/Q) × 100 = -0.0579% From 10% to 20% (dQ/Q) × 100 = -8.0068% (dQ/Q) × 100 = -1.1400%
Source: calculations of the authors
The derived relation (11) shows that the percentage change in the level of consumer demand for foods will be transferred, provided the technical and technological conditions of production are not changed, in the same percentage volume to the secondary demand function; this means to the demand created by dealers, processors and farmers. 
